Final Report for
NASA Glenn Cooperative Agreement NCC3-776
“Elevated Temperature Testing and Modeling of Advanced Toughened Ceramic
Materials”

The purpose of this report is to provide a final report for the period of 12/1/03 through 11/30/04
for NASA Cooperative Agreement NCC3-776, entifled “Elevated Temperature Testing and
Modeling of Advanced Toughened Ceramic Materials.”

During this final period, major efforts werc focuscd on both the determination of mechanical
propertics of advanced ccramic matcrials and the development of mechanical test mcthodolog:cs
under several different programs of the NASA-Glenn. The important research activities made -
during this period are sumimarized as follows:

1. Mechanical properties evaluation of two gas-turbine grade silicon nitrides

Mechanical icsting to determine strength, fracture toughness, slow crack growth, and creep of
two gas-turbine grade silicon nitrides (AS800 and SN282) was initiated. Strength testing at RT,
131S and 1371°C was completed using a large number of test specimens. Also slow crack
growth testing to generate life prediction parameters was initiated at 1315 and 1371°C and some
results at the two test temperatures were obtained. These results will be used CARES/ife code
to predict gas-turbine components” lives. Creep testing for AS800 and SN282 in compression,
tension, and flexure was also initiated and is in progress. The work is under the Ultra-Efficient
Engine Technology (UEET) Program, NASA Glenn.

2. Mechanical testing for fuel-cell seal materials

Major mechanical properties of fuel-cell seal materials (glass/zirconia and glass/alumina
composites), including strength, fracture toughness and elastic modulus fucl-cell seal materials
were completed at ambient temperature. This work was conducted to develop new seal materials
with long-term durability and life under solid oxide fuel cell (SOFC) operating conditions.

3. Mechanical properties cvaluation of thermal barrier coatings and CFCCs.

Effect of sintering on mechanical and physical properties of plasma-sprayed thermal barrier
coatings was determined as a function of anmealing temperature. The properties included
strength, modes 1 and I fracture toughnesses, e¢lastic modulus, constitutive relations
(deformation), density, and microhardness. Annealing times were 5, 10, 20, 100, and 500 hours,
annealed at 13160C in air.

Double notch shear testing for SiC/SiC and C/SiC with different test rates at clevated
tcmperatures was conductcd to determine a relationship between shear strength and test rate to
better understand governing failure mechanisms and to develop a life prediction methodology of
the composite materials. This work was performed under the UEET Program.

4. Foreign object damage (FOD) testing

Extensive FOD testing for AS800 and SN282 silicon nitridés and SiC/SiC composite was
carried out at both ambient and elevated temperatures. This testing was for the evaluation of the
gas turbine-grade ceramics in terms of resistance to foreign object damage.




Detailed descriptions of the work performed during the final period can be found from the
publications as listed below.,
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“Foreign Object Damage in Disks of Gas-turbine Grade Silicon Nitrides by Steel Ball

Projectiles at Ambient Temperature,” S. R. Choi, J. M. Perteira, L. A. Janosik, and R. T,
Bhatt, J. Mater. Sci., 39 6173-6182 (2004).
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(2004).
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No. GT 2004-53910; presented at the ASME Turbo Expo 2004, Vienna, Austria, June
2004.
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Elevated Temperature,” S. R. Choi and N. P. Bansal, J. Am. Ceram. Soc., 87[10] 1912-
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print Ceramic Transactions, Vol 165 (2004).
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Coatings,” 8. R. Choi, D. Zhu, and R. A. Miller, in print in Int. Journal of Applied Ceramic

Technology, 1{4] (2004).

‘Development and Patigue Testing of Ceramic Thermal Barrier Coatings,” Dongming Zhu,
Sung R. Choi, and Robert A. Miller, Surfuce & Couating Technology, 188-189 146-152
(2004); also in NASA/TM-2004-213083, National Acronautics & Space Administration,
Glenn Research Center, Cleveland, OH (2004).
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and R. A. Miller, NASA/TM-2004-213216, National Acronautics & Space Administration,
Glenn Research Center, Cleveland, OH (2004).

12. “Solid Oxide Fuel Cell Seal Development at NASA Glenn Research Center,” B. M.
Steinetz, N. P. Bansal, F. W. Dynys, J, Lang, C. C. Daniels, J. L. Palko, and S. R. Choi,
presented at the 2004 Fuel Cell Seminar, San Anionio, TX, November 1-5, 2004; to be
published in the Proceedings (2004),




